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(54) Digital signal transmitter and receiver using source based reference logic levels 



(57) A signal transmitter for transmitting digital logic 
signals and a complementary receiver, are disclosed. 
The signal transmitter comprises a plurality of signal 
drivers and at least one reference driver. The signal driv- 
ers transmit digital signals, while the reference driver 
transmits a constant signal representative of a digital HI 
or LO. The signal and reference drivers are intercon- 
nected so that any noise due to package and power sup- 
ply interconnection impedances is present in all trans- 
mitted signals including any reference signals. At a re- 
ceiver, the reference signal including noise is used to 
establish threshold levels for digital HI and LO signals. 
Because noise is common to all transmitted signals : the 
receiver is able to reduce the effects of the noise by com- 
paring the plurality of received signals with the relerence 
signal. 
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BACKGROUND OF THE INVENTION 
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signal indicative of a digital LO signal, and a noise signal. The first reference inputs of the several comparators are 
interconnected so that each of the reference inputs receives the same reference voltage signal. Each of the comparators 
is adapted to produce at its output a signal representative of a digital LO signal when a voltage at its signal input is 
less than a threshold voltage derived from a reference voltage at its first reference input. 

s [0011] In accordance with yet another aspect of the present invention, there is provided a method of transmitting 
and receiving several signals representative of digital HI and LO signals from a transmitter to a receiver. The method 
includes the steps of a. concurrently transmitting the several signals, each having a voltage level representative of one 
of a digital HI and LO signal and a noise signal from a transmitter to a receiver; b. transmitting a reference signal 
comprised of a signal having a voltage level representative of a HI signal and a noise signal to the receiver; c. receiving 

io the several signals and the reference signal at the receiver; d. comparing the reference signal to each of the several 
signals; e. outputting a signal representative of a digital HI signal at the receiver, for each of the several signals that 
exceeds a threshold voltage derived from the reference signal. 

[0012] Advantageously, the invention provides rejection of noise signals without the use of differential signals. 
[0013] Other aspects and features of the present invention will become apparent to those of ordinary skill in the art 
is upon review of the following description of specific embodiments of the invention in conjunction with the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWING: 

20 [0014] In figures which illustrate, by way of example only, embodiments of the present invention, 

FIG. 1 is a schematic diagram of a digital transmitter block exemplary of an embodiment of the present invention; 
FIG. 2 is a schematic diagram of a receiver block exemplary of an embodiment of the present invention 
FIG. 3 is a schematic diagram of a signal transmitter and receiver system exemplary of an embodiment of the 
25 present invention; 

FIG. 4 illustrates a plurality of signal waveforms present in the system of FIG. 3, in operation; and 
FIG. 5 illustrates a further plurality of signal waveforms, present in the system of FIG. 3, in operation. 

DETAILED DESCRIPTION: 

30 

[0015] FIG.1 schematically illustrates a signal transmitter block 10, exemplary of a preferred embodiment of the 
present invention. Signal transmitter block 10 is formed as part of a VLSI block 11 in accordance with generally known 
VLSI design and fabrication techniques. 

[001 6] Transmitter block 1 0 comprises a plurality of digital signal drivers 1 2a to 1 2c (individually and collectively 1 2). 

35 For clarity, only three signal drivers are illustrated. A person skilled in the art will appreciate that a typical transmitter 
(usually comprises) more than three drivers. Each driver has a signal input 22 (22a to 22c for drivers 12a to 12c, 
respectively); a clock input 20 (20a to 20c for drivers 12a to 12c, respectively); and an output 32 (32a to 32c for drivers 
12a to 12c, respectively). On the transition of a clock pulse at clock input 20, a driver presents at its output 32 voltage 
levels representative of digital HI and LO signals corresponding to an input signal presented at its signal input 22. 

40 [0017] Transmitter block 10 further comprises a reference HI driver 14 and reference LO driver 16, having signal 
inputs 26 and 30, clock inputs 24 and 28, and outputs 34 and 36, respectively. Like signal drivers 12, reference drivers 
14 and 16 present at their outputs 34 and 36 signals representative of their inputs 26 and 30 upon the transition of a 
clock signal at clock inputs 24 and 28. 

[0018] Preferably, a common clock input 21, interconnects all clock inputs 20, 24 and 28 of drivers 12, 14 and 16. 
45 [001 9] All of the drivers 12,14 and 1 6 are prelerably formed of identical electric components and typically comprise 
one or more known transistor devices. Each driver may for example be a CMOS or bi-polar driver providing transistor 
to transistor (TTL) logic, positive emitter coupled logic (PECL), or other outputs. A person skilled in the art will appreciate 
that other drivers may be appropriately used. Reference drivers 14 and 16 are thus typical drivers, of the same type 
used as signal drivers 12. 

so [0020] As illustrated, each driver 12, 14, 1 6 is connected to a positive voltage source rail 1 7 interconnected through power 
supply interconnection impedance Z transmjtterpackage _ power _ supp | y 40 to external power supply voltage + V CC . Further, each 
driver is connected to an on chip ground rail 37 (GND) formed as part of VLSI block 11 . VLSI block 1 1 is further connected 
to an external system ground 60. Because of the package impedance of VLSI block 1 1 and system ground impedances 
unique to the transmitter ground current path, ground rail 37, the ground connection point for drivers 12, 14and 16, is actually 

55 coupled to system ground 60 through an impedance that may modelled by an impedance 2 lransmjtter . package . ground 38. The 
combination of impedances Z, ran smi»er-p a ckage-power-su P piy 40 and Z, ra nsmitter-package-ground 38 represent the total package 
impedance of VLSI block 11. Power supply interconnection impedance Z transminer . package . f>ower . suppty 40 and ground im- 
pedance Z transmJtter . package ^ round 38 may be modelled as having resistive, capacitive and inductive components. As will be 
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appreciated, it 



w 



15 



20 



appreciated, it is possible that power supply nterconnection impedance 2 y,n ~ ^ 

impedance Z oa = , impeoance ^transmiiier- pa cka 9 e- po »v ere .suppiy 40 and package 

ipcurtr ice ^transmitter-package-ground 38 a re non-linear K ' 

[0021] Signal inputs 26 and 30 of reference drrvers 14 and 1 6 are interconnected with gates 23 and 25 respectively 

h at7n P u ti 6 9 :; e dS; 1 c 4 on ? c, r d l ,o t ; Vcc causin9 the ° utput ° f 9a,e 23 ,o produce a «p^S3?e£ 

25 2 n ro d, ,1 T * ^ ° f 93,6 25 iS co ™ ec ' ed *> system ground 60 causing the output of gate 

34 ZsTZ^ZZTkT 1 ^ 01 a '° 9ic LO si9nal at input 30 to driver 16 As wi " becoma appa ™<. 

and S „1h I V , f WayS 9enera,e H ' and LO OUtput si 9 na,s ' used as refe ™ce signals. Gates 23 

and 25 need not be formed as part of transmitter block 10. 

[0022] Signal inputs 22 to drivers 12 may be interconnected to n input signals, typically originating on VLSI block 11 
These input signals may, for example, ultimately emanate from n address or data lines of an n bTcompu^bus 
Typ.cally, these n input signals are synchronous and Cocked by their source. Common clock input 2 isZs tlpicalfv 
™™ ,Sd l ° 3 SySt6m dOCk Which ma V also be P ravided ^ the clock of a computer ^ * 

Son J ?, Z nH S f ,rate w 3 T^ 6 ' b ' OCk 9enera " y markSd 70 exem P' a -V of a preferred embodiment of the present 

rom VLS, block i F G TSS Tt ^ ? ° * ^ 38 ^ ° f 3 VLS ' b '° Ck 72 that is P^sicaHy distinct 

from VLSI block 11 (FIG. 1 ). VLSI block 72 is connected to system ground 90. Receiver block 70 comprises a plurality 
of comparators74ato74c (individually and collectively 74). For clarity, only three comparators 74a to 74care illushW 

IdTvoTat T In ,he art wil i appreciate ,hat 3 typical receiver block compnses more than 

TZu^Z^lT tranSmi,,6r " 3 COm P ,ementer y "h™ ««er b.ock. Each comparator 74^ 

78aTc 7 2,o 08 , C ° mpara, ° rS 74a to 74c ' respectively) a reference signal and an input signal at input 78 
(78a to 78c for comparators 74a to 74c, respectively). Outputs 82 (82a to 82c for comparators 74a to 74c respectively) 

a re^en Tetou M T^u Z ^ **" * ^ deWed from the -feren^e iTgna 

at reference .nptf 80. Typically, the trigger voltage equals the reference vo.tage p.us a noise or hysteresis marg.n 

25 LTh 4 V ofv'SbS' 1 74 iS COnneC,Gd ,0 3 P 03 "^ VOlta9G SOUrCe +V ~ P referabl V interconnected 

s^laMoZ 9 ^ 

transminer.package ground 38 and Ztransmhler-packago-power-supply 40 Of VLSI block 11 have been illustrated as 
receiver-package-ground ^ 3nu ^receiver_power_supply 

68. 

[0025] Outputs 82 of comparators 74 are" interconnected with latching block 76. Latching block 76 further takes as 
an input a clock signal presented a, Cock input 84. Latching block 76 latches a, its outputs 86a to 86c ( ndivWuaL and 
collectively 86) log,c input values 82a to 82c, respectively, upon sensing a transition of clock input 84 Latching bS 
76 may for example compnse a plurality of D-type flip-flops whose inputs are connected to comparator outpTs 82a to 
82c and whose outputs represent the latch outputs 86a to 86c. A person skilled in the art will apprec a°e a varuftv o^ 

unctlo^T'^M * °T b6 : Sed " Pl3Ce °' the D " type flip flopS T * pica "y' outputs 86 a« iZ^^Znlel 
Er rv, ", ShOWn) ° f VLS ' bl0Ck 72 ' tnat ma V process si 9™'s Panted at outputs 86 
?T£!Ln h "!? an exemp,ar y interconnection of transmitter block 10 (FIG. 1) with receiver block 70 (FIG 

TnlSr lX a T nS T er and rGCeiVer SySt6m 9enera " y marked 92 - As illustrated outP"ts 34 and 32a to 32c of 
SnnecJld wJf 1 0 ar e interconnected with transmission lines 94, and 96a to 96c, respectively. Ground 60 is inter- 

pr k s M and 72 ' tranSmiSSi ° n ,ines are ***** ^es of a printed circuit board interconnecting VLSI 

inS? 1 ahT, U,S 7 ,? a l ° 780 °' r6CeiVer b ' OCk 70 are interconnected with the terminating ends of transmission lines 96a 
fan ST*! y ,ransmission line 94 interconnected with reference HI driver 14, is interconnected w t^ Preference 

Tand uJZ" I 0 " ? T r ! C6iVer b,OCk 7 °- AS We "' 3 COmm °" C,OCk SOUrce is interconnected with dr "er c ctkTnp" 
2 and eceiver block clock input 84. Of course, clock input 84 could be driven by a signal otherwise der^ed and 
interre ated with a signal at clock input 21 For example, VLSI b.ock 72 could compnse a phase lo^?Sc?S^S 
a clock signal on VLSI block 11 used to clock receiver block 70 
AKernatively, a clock signal may be recovered from a data stream at receiver block 70 

£™L I" ^'T 92 ' re ' erenCe H ' dfiVer 14 and i,S OU, P ul 34 are not interconnected to receiver block 70 As will 
become apparent, reference drivers 14 and 16 provide voltage leve.s representative of digital reference HI and LO 
s.gnals, respechvely Only one of reference drivers 14or 16 is required. Thus, one of drivers 14 and 16 is optional and 
could be eliminated. !n practise, if only a single reference driver is used, reference LO ^ *££ZS%££ 
r S d b °" n o e n ° ISe m ° re si 9 nificant| y affe ots logic LO signals, than logic HI signals * 
ronS 2? V and ^ lustrate various si 9nals present in the system depicted in FIG. 3, in operation 

i^cSk innT o? y '^? f <ra,eS inpUt Si9nalS PrSSent at ,ransm itter block 10 for two complete clock cycles 100 
at clock inputs 21 and 84 as shown in FIGS. 1 -3. «-y»-M» 'uu 

[0031] In the operational example, voltage levels representing digital HI and LO signals are represented bv positive 
60 The receiver ,s des.gned to operate with a hysteresis or noise margin of .1 +V<!C . Accordingly, a binany HI signal is 
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therefore generated for inputs greater than 9 + V cc , while a binary LO signal is generated for inputs less than 8 + V cc . In 
other words, voltage signals exceeding .9 + V cc are interpreted as digital HI signals, while voltage signals less than . 
8+V^ are interpreted as digital LO signals. Of course, depending on the precise drivers, transmitters and receivers 
exemplary of the present invention may use other voltage levels, such as for example, typical CMOS or TTL logic levels. 

s [0032] In the illustrated example, signals 106 and 108 are applied to signal inputs 22a and 22b, of drivers 12a and 
12b of transmitter block 11 (FIGS. 1 and 3), respectively. As illustrated input signal 106 represents a binary HI in both 
clock cycles, while input signal 108 represents a binary HI signal in a first clock cycle, followed by a transition to a 
binary LO in a second clock cycle. For illustration, voltages representing logic HI and LO values at inputs 22 are chosen 
as -^V^ and 7+V^, respectively. Of course, logic voltage levels at inputs 22 need not be the related to output voltages 

10 or threshold voltages presented at inputs 26 and 30. Transmitter block 10 could easily be adapted to translate input 
logic levels to other output values. Signals 100, 102, 104 and 106 are measured relative to GND at rail 37, and are 
therefore free from noise due to the package impedance Z transmilter package.ground 38 and Z^^j^r-package-power-suppiy 
40 of VLSI block 11. 

[0033] The outputs of transmitter block 10, at outputs 34, 36 and 32a and 32b (illustrated in FIG. 1 ) measured relative 
is to system ground 60, in operation, are depicted in FIG. 5. As well, for convenience, clock signal 1 00 is again illustrated. 
[0034] As illustrated, V reference hi and V referenceJo deviate from the expected + Vcc and + 7Vcc because of the voltage 
drops across Z transmitterpackageground 38 and Z transmitter _ package _ powersupp | y 40. 

[0035] Output reference signal V reference hi 110 measured relative to system ground 60 at output 34 of driver 14 
exhibits slight ringing (not shown) at the commencement of each cycle of clock signal 100. This ringing is attributable 

20 to transient current through package impedance Z t ransmitter_ P ackage_ground 38 and Z transmltter _ package ^^.suppiy 4 °. and 
the resulting voltage signals. As previously noted, Z transmitter package _ ground 38 and Z transmjtter _ package power suppty 40 
may be modelled as comprising resistive, inductive and capacitive components. As illustrated, the duration of the 
ringing is typically only a fraction of the clock period. The duration and amplitude of the ringing is dependent on the 
values of Z transmjtter package ground 38 and Z transmjtter package _ power supply 40 as well as the amount and rate of current 

25 provided to drivers 12, 14 and 16. 

[0036] More significantly, as illustrated, output reference signal V reference hj exhibits an upward voltage drift relative 
to system ground 60 at the commencement of each clock cycle. This upward drift is attributable largely to the 
z package_power_sup P iy_ground 38 portion of the package impedance. Specifically, as reference hi driver 14 produces its 
output relative to chip ground 37, and Z package _ power _ suppfy ground 38 introduces a further voltage drop between chip 

30 ground 37 and system ground 60, that manifests itself in the illustrated upward drift or n ground bounce". As well, a 
voltage drop in the HI signals may be attributable to the voltage drop caused by current through 
Ztrancmmer_package. P ower_ 0 u P piy 40. However, V referencehi is affected by a similar drop. 

[0037] It is worth noting that effect of V ground nojse is far more significant in sensing logic LO signals at the receiver. 
This is because the upward voltage drift caused by the voltage drop across Zp 0wersupp{y _ ground causes LO signals to 
35 drift above the threshold required by receiver 70 to detect a logic LO signal. This same drift will cause HI signals that 
already exceed the minimum voltage for a HI signal to merely further exceed this signal. 

[0038] As such, in practise, if only a single reference driver is used, reference LO driver 14 is preferably used as 
"ground bounce" noise more signifcantly affects logic LO signals than logic HI signals. 

[0039] A reference LO signal V reference lo 112 at output 36 measured relative to system ground 60 experiences similar 
40 drift and ringing as do driver output signals V out1 1 1 4 and V out2 1 1 6 at outputs 32a and 32b of drivers 1 2a and 1 2b. As 
will be appreciated, and as illustrated, neglecting any pin impedance, the ringing and drift in signals 110, 112, 114 and 
116 attributable to package impedance Z transmitter package ^ groijnd 38 will be substantially similar in all n drivers 12a to 
12c as well as reference LO and HI drivers 14 and 16 as they are connected to system ground 60 through common 
package impedance Z transmjt1er _ package _ ground 38. 
45 [0040] Similarly, the ringing and drift in signals 110, 112, 114 and 116 attributable to power supply interconnect im- 
pedance Z transmitter _ packagepower _ suppty 40 will be identical, as current provided by an external power supply to all drivers 
12a to 12c as well as reference LO and HI drivers 14 and 16 must flow through common power supply impedance 

^transmitter_package_power_supply 40. 

[0041] More specifically, the instantaneous output voltage of each driver at outputs 32, 34 or 36 relative to system 
50 ground 60, may be modelled as: 

V rV,. + V 

out_n dnver_n noise' 

55 where V driver n is the output of the nth driver at transmitter 10, measured relative to "chip" ground 37. 

[0042] Assuming that noise other than package ground and power supply interconnect noise is negligible, and further 
assuming that V ground noise » V powersuppty _ noise 
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V ground noicc. m av further be modelled as 



V = I * 7 

ground noise ground package transmitter_package_ground. 



with 



'ground package 'ground driver total " 'ground driver_1 +l ground driver_2 + • - + ' ground driver_n 
+ 1 ground refdriver_hi + ' ground refdriverjo 

[0043] Thus, the instantaneous contribution of V noise to each output signal V out n is identical for each driver output 
signal. Moreover, the contribution of V nojse depends on the total current drawn by transmitter block 10, and therefore 
will vary from clock cycle to clock cycle, depending on the number of drivers producing HI or LO outputs 
[0044] Assuming pin and transmission line effects are negligible, in FIG 3. signals at outputs 32a and 32b of trans- 
mitter block 10 are presented at receiver inputs 78a and 78b through lines 96a and 96b. Similarly signal 112 of FIG 
4 at reference LO output 36 of transmitter block 1 0 is presented at reference LO input 80 interconnected with comparator 
reference inputs 80a and 80b of FIG. 2 of receiver 70 through line 94. 

[0045] At the receiver, the effect of current drawn by the transmitter block 10 will have a negligible effect on receiver 
block 72. However, as illustrated, voltage levels received at the receiver block 72, measured relative to system ground 
60 will fluctuate, often significantly, depending largely on the current drawn throuqh Z tranerrt •„ „ 38 
[0046] As will become apparent, use of comparators and reference signals Wn ^ at- 
tempt to compensate for such fluctuations. referenced ana v reference |o signals at 

[0047] Specifically the output 82 of each comparator 74 in FIG. 2, varies depending on whether or not the voltage 
level of the input signal at input 78 exceeds the reference voltage presented at input 80 less a hysteresis margin If it 
does, output 82 will assume a voltage value representative of a digital HI signal at its output and at the input latching 
block 76. w 

[0048] Voltages at comparator inputs 80 and 78 are measured relative to each other. Output 82 is only LO if 
V com P arator_n- V out< V referencejo + V margin Because the comparator inputs are measured relative to each other any 
common mode noise in the driver and reference signal will be ignored. This is best illustrated by considering signal 
v re fere nee lo and V out relative to system ground 60. c 
[0049] Thus, 

^reference-lo^^ref^noise, 

where V ref is the threshold voltage measured relative to chip ground rail 37 and 

^comparators ~^out_n~^driver_n + ^noise 

[0050] As noted, this leads to a LO comparator output only when 

V < V a, v 

comparator^ v refecencejo v margin 
V driver_n + V noise K V ref + V noise +V margin; 

or 

V driver_n < V ref + ^margin 
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[0051] This precisely defines the required threshold level required to generate a digital output LO signal. Thus, the 
parasitic effects of source package impedance Z transrnitter package _ ground 38 and power supply interconnect impedance 
z transmitter_package_ P ower_suppiy 40 ' are eliminated through the use of a reference signal provided by driver 16 of trans- 
mitter block 10 to a receiver block 70 comprising a plurality of comparators 74. 
5 [0052] In FIG. 2, on the rising edge of clock signal 100 of FIG. 4, latching block 76 latches at its outputs 86 the outputs 
of comparators 74. These outputs are typically provided to another functional block (not illustrated) formed as part of 
VLSI block 72. 

[0053] Provided that drivers 1 2, 1 4 and 1 6 are formed in geometric proximity to each other, the effect of the package 
impedance Z transmitter _ packageground 38 on each of the drivers should be very similar if not identical, as any current 

io passing from drivers 12, 14 and 16 to system ground 60 will flow through impedance Z transmjtter package ground 38. 
Preferably, the location of reference drivers 14 and 16 is chosen to be near the geometric centre of interrelated drivers 
in a block of drivers on a VLSI block. As the number of drivers increases, and their geometric proximity decreases, the 
effects of package impedance on signals produced by each of the drivers will vary. It may accordingly be desirable to 
limit the transmitter block size, and therefore provide a single reference hi driver for a small number of drivers (ie. four, 

15 eight or sixteen drivers). Other block sizes anywhere between zero and twenty five might be appropriate. A signal 
transmitter may thus comprise a number of transmitter blocks substantially identical to transmitter block 10, as illus- 
trated. 

[0054] Alternatively, or additionally, V reference hi at output 34 may be transmitted to receiver block 70 in addition to 
or instead of V referenceJo at output 36. High threshold comparisons may then be made at the receiver when 

20 

^out > ^reference_hi ^margin 



at receiver 70. 

25 [0055] This second verification allows the receiver to detect critical errors. That is, when a detected signal neither 
exceeds V reference hj - V margin , nor is less than V referenceJo + V margin an indeterminate error could be detected. Such 
error could be detected by other hardware blocks or, alternatively, comparators 74 could be adapted to detect such 
errors. The detection of such errors could be used to signal a possible hardware fault requiring signal retransmission 
or other error handling, or diagnosis or repair. 

30 [0056] As will be appreciated, use of source side reference signals allows dynamic comparison of transmitted signals 
to the reference signal, which provides particular benefit for high frequency signals, for which the effects of package 
and power supply impedances may be particularly pronounced. 

[0057] As should now also be appreciated, as reference drivers 14 and 16 should be conventional drivers, identical 
to signal drivers 12 existing transmitter blocks may easily be adapted to provide the required reference outputs. Gates 

35 23 and 25 may be external. 

[0058] It should further be appreciated that reference drivers 1 4 and 1 6 could be adapted to produce output voltages 
different from voltage levels used by transmitters 12 to represent HI and LO signals. For example, drivers 14 and 16 
could be adapted to produce generalized low and high threshold voltage levels used to detect HI and LO signals. Thus, 
the margin or hysteresis voltages used by a receiver could be set at the transmitter source. 

40 [0059] Finally, it will be understood that the invention is not limited to the embodiments described herein which are 
merely illustrative of a preferred embodiment of carrying out the invention, and which are susceptible to modification 
of form, arrangement of parts, steps, details and order of operation. The invention, rather, is intended to encompass 
all such modifications within its scope, as defined by the claims. 

45 

Claims 
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55 



1. A signal transmitter block formed as part of an integrated circuit, said transmitter block for transmitting digital 
signals to a receiver, said block comprising: 

a plurality of signal drivers, each for generating output voltages at a signal driver output that when measured 
relative to a ground point on said integrated circuit are representative of digital HI and LO signals; 

a first reference driver, for generating at a first reference output, one of: 

a) an output voltage that when measured relative to said ground point, corresponds to a voltage repre- 
sentative of a digital HI signal; and 

b) an output voltage that when measured relative to said ground point corresponds to a voltage repre- 
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sentative of a digital LO signal; 

said first reference driver and said signal drivers electrically interconnected to said ground point on said inte- 
grated circuit block, 

5 

said ground point interconnected through an impedance on said integrated circuit block to a system ground 
connection for said integrated circuit, so that current flowing from and to said system ground connection through 
said ground point to said signal drivers and 

10 said first reference driver flows through said impedance. 

2. The transmitter block of claim 1 , wherein said impedance is attributable to a package impedance of said integrated 
circuit. 

is 3. The transmitter block of claim 1 or claim 2, wherein 

said signal drivers and said first reference driver are adapted for interconnection to a clock source; 

said signal drivers are adapted to be driven to produce outputs representative of inputs at transitions of said 
20 clock source; and 

wherein said impedance produces identical noise signals relative to said system ground connection at said 
signal driver outputs and said first reference output as a result of currents flowing at said transitions. 

2S 4. The transmitter block of claim 1 , 2 or 3, further comprising 

a second reference driver, for generating at a second reference output, the other one of 

a) an output voltage that when measured relative to said ground point, corresponds to a voltage repre- 
ss sentative of a digital HI signal; and 

b) an output voltage that when measured relative to said ground point corresponds to a voltage repre- 
sentative of a digital LO signal; 



35 



40 



said second reference driver interconnected to said ground point on said integrated circuit so that current 
flowing from and to said ground connection through said ground point to said second reference driver also 
flows through said impedance. 

5. The transmitter block of claim 4, wherein said second reference driver is adapted for interconnection to a clock 
source, and wherein said impedance produces noise signals at said second reference output identical to noise 
signals at said first reference output, as a result of currents flowing at said transitions. 

6. The transmitter block of any preceding claim, wherein said plurality of signal drivers comprises less than sixteen 
signal drivers, geometrically proximate on said integrated circuit. 

45 7. The transmitter block of any one of claims 1 to 5, wherein said plurality of signal drivers comprises less than eight 
signal drivers, geometrically proximate on said integrated circuit. 

8. A digital signal receiver block having receiver block outputs for generating digital HI and LO signals, said block 
comprising: 



so 



ss 



a plurality of comparators, each having 

a signal input for receiving a voltage signal representative of one of a digital HI signal and LO signal and a 
noise signal; 

an output interconnected with one of said receiver block outputs; 

a first reference input for receiving a reference voltage signal including a signal indicative of a digital HI signal, 
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and a noise signal; 

wherein said first reference inputs of said plurality of comparators are interconnected so that each of said first 
reference inputs receives the same reference voltage signal; 
s each said comparator adapted to produce at its output a signal representative of a digital HI signal when a voltage 

at its signal input exceeds a threshold voltage derived from a reference voltage at its first reference input. 

9. The receiver block of claim 8, wherein said threshold voltage equals a reference voltage at its first reference input 
less a voltage representative of a noise margin. 

10 

10. The receiver block of claim 8 or claim 9, further comprising 

a clock input; 

15 a latch interconnected with said clock input and with each output of said plurality of comparators, 

said latch adapted to latch said comparator outputs upon a transition at said clock input. 

11. The receiver block of claims 8, 9 or 10, wherein each of said comparators further comprises 

20 

a second reference input for receiving a reference voltage signal including a signal indicative of a high threshold 
voltage of a signal representative of a digital LO signal, and a noise signal; 

wherein said second reference inputs of said plurality of comparators are interconnected so that each of said 
25 second reference inputs receives the same reference voltage signal; and 

each of said comparators is adapted to produce at its output a signal representative of a digital LO signal when 
a voltage at its signal input is less than a threshold voltage derived Irom a reference voltage at its second 
reference input. 

30 

12. A digital signal receiver block having receiver block outputs for generating digital HI and LO signals, said block 
comprising: 

a plurality of comparators, each having 

35 

a signal input for receiving a voltage signal representative of one of a digital HI signal and LO signal and a 
noise signal; 

an output interconnected with one of said receiver block outputs, 

40 

a first reference input for receiving a reference voltage signal including a signal indicative of a digital LO signal, 
and a noise signal; 

wherein said first reference inputs of said plurality of comparators are interconnected so that each of said reference 
^5 inputs receives the same reference voltage signal; and 

each of said comparators is adapted to produce at its output a signal representative of a digital LO signal when a 
voltage at its signal input is less than a threshold voltage derived from a reference voltage at its first reference input. 

13. The receiver block of claim 12, further comprising 

so 

a clock input; 

a latch interconnected with said clock input and with each output of said plurality of comparators, 
55 said latch adapted to latch said comparator outputs upon a transition at said clock input. 

14. The receiver block of claim 12 or 13, wherein each of said comparators further comprises 
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a second reference input for receiving a reference voltage signal including a signal indicative of a digital HI 
signal, and a noise signal; 

wherein said second reference inputs of said plurality of comparators are interconnected so that each of said 
second reference inputs receives the same reference voltage signal; and 

each of said comparators is adapted to produce at its output a signal representative of a digital HI signal when 
a voltage at its signal input exceeds a threshold voltage derived from a reference voltage at its second reference 
input. 

15. The receiver block of claim 14, wherein each of said comparators is adapted to produce an error signal when a 
voltage at said signal input of said comparator is less than said threshold voltage derived from a reference voltage 
at its second reference input and exceeds said threshold voltage derived from a reference voltage at its first ref- 
erence input. 

16. The receiver block of any one of claims 12 to 15, wherein said threshold voltage equals a reference voltage at 
said first reference input plus a determined noise margin voltage. 

17. A method of transmitting and receiving a plurality of signals representative of digital HI and LO signals from a 
transmitter to a receiver comprising the steps of 

concurrently transmitting said plurality of signals, each having a voltage level representative of one of a digital 
HI and LO signal and a noise signal from a transmitter to a receiver; 

transmitting a reference signal comprised of a signal having a voltage level representative of a HI signal and 
a noise signal to said receiver; 

receiving said plurality of signals and said reference signal at said receiver; 
comparing said reference signal to each of said plurality of signals; 

outputting a signal representative of a digital HI signal at said receiver, for each of said plurality of signals that 
exceeds a threshold voltage derived from said reference signal. 

35 18. The method of claim 17, wherein the steps are synchronized by a clock signal at said transmitter and said receiver 
19. A signal transmitter block for transmitting digital signals to a receiver, said block comprising: 

means for transmitting a plurality of output signals, each output signal comprised of a voltage signal repre- 
40 sentative of digital HI and LO signals and noise; 

means for transmitting a reference signal, representative of said noise and a determined one of 



10 



15 



20 



25 



30 



45 



50 



55 



a) a signal having a voltage level representative of a digital HI signal; and 

b) a signal having a voltage level representative of a digital LO signal. 

20. A receiver comprising; 

means to receive a plurality of received signals each received signal comprised of a voltage signal represent- 
ative of digital HI and LO signals and noise; 

means to receive a reference signal representative of said noise and a determined one of 

a) a signal having a voltage level representative of a digital HI signal; and 

b) a signal having a voltage level representative of a digital LO signal. 

means to compare each of said plurality of received signals to said reference signal to determine whether 
each of said plurality of signals comprises a voltage signal representative of a digital HI signal, or a voltage 



BNSDOCID: <EP 1014582A1_I_> 



10 



EP1 014 582 A1 



10 



signal representative of a digital LO signal. 

21. In combination. 

a signal transmitter block formed as part of an integrated circuit, said transmitter block for transmitting digital 
signals to a receiver, said block comprising: 

a plurality of signal drivers, each for generating output voltages at a signal driver output, that when meas- 
ured relative to a ground point on said integrated circuit are representative of digital HI and LO signals; 

a first reference driver for generating at a first reference output an output voltage that when measured 
relative to said ground point corresponds to a voltage representative of a digital LO signal; 

said first reference driver and said signal drivers electrically interconnected to said ground point on said 
15 integrated circuit block, 

said ground point interconnected through an impedance on said integrated circuit block to a system ground 
connection for said integrated circuited, so that current flowing from and to said ground connection through 
said ground point to any and all of said signal drivers and said first reference driver flows through said 
20 impedance; and 

a digital signal receiver block having receiver block outputs for generating digital HI and LO signals, said block 
comprising: 

25 a plurality of comparators, each having 

a signal input interconnected with one of said signal drivers outputs for receiving a voltage signal repre- 
sentative of one of a digital HI signal and LO signal and a noise signal; 

30 an output interconnected with one of said receiver block outputs, 

a first reference input interconnected with said first reference driver for receiving a reference voltage signal 
including a signal indicative of a digital LO signal, and a noise signal; 

35 wherein said first reference inputs of said plurality of comparators are interconnected so that each of said 

first reference inputs receives the same reference voltage signal; and 

each of said comparators is adapted to produce at its output a signal representative of a digital LO signal 
when a voltage at its signal input is less than a threshold voltage derived from said reference voltage at 
40 its first reference input. 

22. A signal transmitter formed as part of an integrated circuit, said transmitter for transmitting digital signals to a 
receiver, said transmitter and said receiver interconnected with a system ground, said transmitter comprising: 

45 a plurality of signal drivers, each for generating output voltages at a signal driver output, that when measured 

relative to a ground point on said integrated circuit are representative of digital HI and LO signals; 

a first reference driver, for generating at a first reference output, an output voltage that when measured relative 
to said ground point, corresponds to a voltage representative of a digital LO signal and that when measured 
so re | a tjve to said system ground comprises a noise signal indicative of a noise component in signals represent- 

ative of digital LO signals. 

23. A signal transmitter formed as part of an integrated circuit, said transmitter for transmitting digital signals to a 
receiver, said transmitter and said receiver interconnected with a system ground, said transmitter comprising: 

55 

a plurality of signal drivers, each for generating output voltages at a signal driver output, that when measured 
relative to a ground point on said integrated circuit are representative of digital HI and LO signals; 
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a first reference driver, for generating at a first reference output, an output voltage that when measured relative 
to said ground point, corresponds to a voltage representative of a digital HI signal and that when measured 
relative to said system ground comprises a noise signal indicative of a noise component in signals represent- 
ative of digital HI signals. 

24. In combination, 

a signal transmitter block for transmitting digital signals to a receiver, said block comprising: 

a plurality of signal drivers, each for generating output voltages at a signal driver output, that when meas- 
ured relative to a ground point on said integrated circuit are representative of digital HI and LO signals; 

a first reference driver, for generating at a first reference output, an output voltage that when measured 
relative to said ground point corresponds to a voltage representative of a digital LO signal; 

a digital signal receiver block having receiver block outputs for generating digital HI and LO signals, said block 
comprising: 

a plurality of comparators, each having 

a signal input interconnected with one of said signal drivers outputs for receiving a voltage signal repre- 
sentative of one of a digital HI signal and LO signal and a noise signal; 

an output interconnected with one of said receiver block outputs, 

a first reference input interconnected with said first reference driver for receiving a reference voltage signal 
including a signal indicative of a digital LO signal, and a noise signal; 

wherein said first reference inputs of said plurality of comparators are interconnected so that each of said 
first reference inputs receives the same reference voltage signal; and 

each of said comparators is adapted to produce at its output a signal representative of a digital LO signal 
when a voltage at its signal input is less than a threshold voltage derived from said reference voltage at 
its first reference input. 



12 



EP 1 014 582 A1 



.11 



10 



^4 



26 



7" 
24 

CLK 
Ref.Hi 



30 



14 



25 



28 
CLK 
Ref. Lo 




22a 



20a 
CLK 
Sig. 1 

22b 



21 
CLK 



20b 
CLK 

Sig. 2 



22c 



20c 
CLK 



16 




12a 




12b 



12c 




Sig. 3 



r 17 



34 



Vreference hi 



40 



~transmitter_package_powftr_supply 



38 



36 



Vreference lo 



60 

T\itter_package_g round 



32a 



Voutl 



32b 



Vout2 



37 



32c 



Vout3 



FIG. 1 



EP 1 014 582 A1 



CLK 
84 



xL 



Vreference_lo 
80 



z 



7^ 

78a 
78b.' 

xL 



78n 



xL 



70 



72 



r J .. 



80a 



74a 



82a 



Comparator 
1 



-Vcc 



74b 



\xL 



80b ^ 



82b 



Comparator 
2 



74c 



80c 



xL 



-Vcc 



82n 



Comparator 
n 



cL 



-Vcc 



' b Sig out1 
^ 86a 

— ^ — ► 



LATCHING 
BLOCK 



66 



receiver_package^powef_supply 



Sig out2 
86b 

xU 



Sig out n 
86n 



xL 



68 



"receiver _package_ground 



,90 



FIG. 2 



BNSDOCID: <EP 1014582A1 J_> 



14 



EP 1 014 582 A1 



92 



CLK 

21 



1 



+Vcc 



26 



28 



22a 



22b 



10 

J 84 



70 



34 



36 
32a 



32b 

is. 



22c 32c 

^ ix 



Vreferencejo 
94 



A. 



out1 
96a 



out2 
96b 



outc 
96c 



+Vcc 

_L. 



80 
78a 



78b 



78c 



86a 
Sig out1 



86b 
Sig out2 



rL 



86c 
Sig outc 



,60 



.90 



FIG. 3 



BNSDOCID: <EP 1014582A1_!_> 



15 



EP 1 014 582 A1 



CLK 



Ref. Hi_ 
♦Vcc 



Ref. Lo 



0.7 + Vcc 



— I 



-I 



4- 



J. 



100 



102 



104 



Inputl 



—I 



-L 
I 



J. 



106 



Input2 



108 



FIG. 4 



16 

BNSDOCID: <EP 1 01 4582A 1 J_> 



EP 1 014 582 A1 



reference hi 




+Vcc 



^- +.8Vcc 



.7Vcc 



FIG. 5 



17 

BNSDOCID: <EP 1014582A1_I_> 



EP 1 014 582 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 9742 



Category 



PQgUfl^^ TO BE RE LEVANT 



Citation of document with indication, where appropriate 
of relevant eassanes ^ 



US 5 550 496 A (DESROCHES ALAN R) 
27 August 1996 (1996-08-27) 

* column 3, line 33 - column 4, line 32- 
figure 4 * • 



PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 07, 

31 July 1997 (1997-07-31) 

-& JP 09 081289 A (FUJITSU LTD) 

28 March 1997 (1997-03-28) 

* abstract * 

-& US 5 850 154 A 

US 5 604 450 A (80RKAR SHEKHAR ET AL) 
18 February 1997 (1997-02-18) 



* column 5, line 4 - column 5, line 13- 
figure 3 * ' 

EP 0 635 954 A (HITACHI LTD) 
25 January 1995 (1995-01-25) 

* column 6, line 39-57; figure 1 * 

US 5 355 391 A (HOROWITZ MARK A ET AL) 
11 October 1994 (1994-10-11) 

* figure 4B * 

EP 0 823 786 A (HEWLETT PACKARD CO) 
11 February 1998 (1998-02-11) 

* the whole document * 



The present search report has been drawn up for.an claims 



Place cr ssacfi 

MUNICH 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
• Particularly relevant rfcomtineo with another 
document of the same category 
A ; technological background 
O : rton-wntten disclosure 
P : intermediate document 



Uate ol completion ot the search 

14 March 2000 



Relevant 
to claim 



1,2,6-9, 

12,16, 

17,19-24 



10,13,18 
10,13,18 



CLASSIFICATION OF THE 
APPLICATION (Int Cl.7) 



H03K19/003 

H03K19/0175 

G06F13/40 



1,2,4, 

6-9,11, 

12.14, 

16,17, 

19-24 



1,2,6-9, 
12.16, 
17,19-24 



10,13 



TECHNICAL FIELOS 
SEARCHED <lnt.Cl.7) 



H03K 
G06F 



Examiner 

Moll, P 



T : theory or principle underlying the mventicn 

ST^" ? CUmert ' ttui * P**"** on, or 
after the filing data 

D : document cited in the application 

I : document cited (or other reasons 

& : documtm f Sam * ^*™i" »^Si'" 



BNSDOCID: <EP 1014582A1J > 



18 



EP 1 014 582 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 9742 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

14-03-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 5550496 


A 


27-08-1996 


NONE 








JP 09081289 


A 


28-03-1997 


US 


5850154 


A 


15-12-1998 


US 5604450 


A 


18-02-1997 


NONE 








EP 0635954 


A 


25-01-1995 


JP 
KR 
US 


7038542 
140029 
5499269 


A 
B 
A 


07-02-1995 
01-07-1998 
12-03-1996 


US 5355391 


A 


11-10-1994 


DE 
JP 
WO 


4391003 
7506922 
9318462 


T 
T 
A 


23-02-1995 
27-07-1995 
16-09-1993 


EP 0823786 


A 


11-02-1998 


US 
JP 


5818261 
10126250 


A 
A 


06-10-1998 
15-05-1998 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



19 



BNSDOCID: <EP 1014582A1_I_> 



\ 



